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0 Vulcanizable rubber composition. 

0 A vulcanizable rubber composition which contains an iodine- or bromine-containing rubber and an organic 
peroxide of the formula: 
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wherein R' is a hydrogen atom, a chlorine atom or methyl group, is a linear or branched alkyi group having 2 
to 5 carbon atoms, and n is an integer of 1 to 3. generates only a small amount of methyl iodide or methyl 
O bromide during the vulcanization. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



5 The present invention relates to a vulcanizable rubber composition. 
Description of related art 

A cured material prepared by vulcanizing an iodine- or bromine-containing rubber is used in various 
JO fields. Hitherto, a large amount of methyl iodide or methyl bromide is generated when the iodine- or 
bromine-containing rubber is vulcanized with a peroxide. Methyl iodide and methyl bromide are poisonous 
and disadvantageous in view of an environmental health. 

SUMMERY OF THE INVENTION 

;5 

An object of the present invention is to provide a vulcanizable rubber composition comprising an iodine- 
or bromine-containing rubber and a peroxide, which composition generates only a smalt amount of methyl 
iodide and methyl bromide during the vulcanization. 

This and other objects are achieved by a vulcanizable rubber composition which comprises an iodine* 
20 or bromine-containing rubber and an organic peroxide of the formula: 



25 




wherein R' is a hydrogen atom, a chlorine atom or methyl group. is a linear or branched alky! group 
30 having 2 to 5 carbon atoms, and n is an integer of 1 to 3. 

DETAILED DESCRIPTION OF THE INVENTION 

A characteristic of the present invention resides in the use of the organic peroxide (I) as a curing agent 
35 in the composition. 

Specific examples of the organic peroxide (I) are t-amyl peroxybenzoate, t-hexyl peroxybenzoate, 
1,1,3,3-tetramethylbutyl peroxybenzoate. t-amyl peroxy-m-methylbenzoate. l-hexyl peroxy-m-methylben- 
zoate, 1.1,3,3-tetramethy!butyl peroxy-m-methylbenzoate, t-hexyl peroxy-p-methylbenzoate, t-hexyl peroxy- 
o-methylbenzoate, t-hexyl peroxy-p-chlorobenzoate, bis(t-hexyl peroxy)phthalate, bis(t-amyl peroxy)- 

40 isophthalate. bis(t-hexyl peroxy)isophthalate, bis(t-hexyl peroxy)terephthalate and tris(t-hexyl peroxy)- 
trimellitate. An amount of the organic peroxide Is generally from 0.1 to 5, preferably from 0.2 to 3 parts by 
weight per 100 parts by weight of the iodine- or bromine-containing rubber. 

The iodine- or bromine rubbers is not limited. The iodine- or bromine-containing rubber may be a 
brominated butyl rubber, and an iodine- or bromine-containing fluororubber. The iodine- or bromine- 

45 containing fluororubber is particularly preferable. Specific examples of the iodine- or bromine-containing 
fluororubber are described in US Patent Nos. 4,243,770, 4.035,565 and 4.214.060. the disclosures of which 
are incorporated herein by reference. 

The composition according to the present invention may contain an iodine- or bromine-free rubber, a 
cross-linking aid and a reinforcing agent. The iodine- or bromine-free rubber is not limited. Although it may 

50 be a usual rubber, it is preferably a rubber which can be vulcanized with an organic peroxide. An amount of 
the iodine- or bromine-free rubber is usually from 0 to 80, preferably from 0 to 50 % by weight based on 
the composition. The cross-linking aid is reactive to a peroxy free radical and a polymer radical. Specific 
examples of the cross-linking aid are a triallyl compound (for example, triallyl cyanurate and triallyl 
isocyanurate). a diallyl compound (for example, diatlyl phthalale) and the like. An amount of the cross- 

55 linking aid is usually from 0 to 10. preferably from 1 to 6 % by weight based on the composition. Specific 
examples of the reinforcing agent are carbon black and the like. An amount of the reinforcing agent is 
usually from 0 to 80, preferably from 5 to 50 % by weight based on the composition. 

The composition according to the present invention can be prepared by a generally used mixing 
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method using rolls for rubber, a pressurizing kneader and the like. The composition according to the 
present invention can be vulcanized under conditions which are used for vulcanizing a usual rubber. For 
example, the rubber composition is mixed by rolls, the composition is injected in a mold; a press 
vulcanization is conducted at 100 to 200 *C and 20 to 100 kg/cm^G for 5 to 180 minutes, and then an oven 
vulcanization is optionally conducted in an oven at 150 to 300 'C for 10 to 240 minutes to prepare a 
vulcanized rubber. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be illustrated by the following Examples which do not limit the present 
invention. 

Examples 1 

An iodine-containing rubber [Dai-et G-902 (vinylidene fluoride/hexafluoropropylene/tetrafluoroethylene 
terpolymer manufactured by Daikin Industries. Ltd.)) (100 parts by weight). MT-carbon black (MT-C) (20 
parts by weight), triallyl isocyanurate (TAIC) (4 parts by weight) and t-hexyl peroxybenzoate (1.5 parts by 
weight) as an organic peroxide were homogeneously mixed by rubber rolls to prepare a vulcanizable 
composition. 

Vtflcanizability of the composition was evaluated by a curastometer at 150*0 and 160 'C. A lowest 
viscosity (Ml), a highest viscosity (Mh). an induction time (Tio) and an optimal vulcanization time (T90) were 
measured. The composition was press vulcanized at 150*0 for 10 minutes and then oven vulcanised at 
180' C for four hours to prepare a sample of 1 mm thickness. 

At ordinary state and after aging at 230*0 for 70 hours, a 100 % tensile stress (Mi 00). a tensile 
strength at break (Tb). an elongation at break (Eb) and a hardness (Hs) were measured. 

A compression set (C.S.) was measured for a sample of 13 mm thickness prepared by vulcanizing in 
the same conditions as in the above. 

An amount of generated methyl iodide was measured when the composition was vulcanized at 160* for 
10 minutes- The amount of generated methyl iodide was measured by charging the vulcanizable composi- 
tion in a closed vessel, vulcanizing the composition and then determining the amount of methyl iodide 
present in a vacant part of the vessel by means of a gas chromatography. 

Results are shown in Table. 

Example 2 

The same procedure as in Example 1 was repeated except that the organic peroxide was used in an 
amount of 0.8 part by weight. Results are shown in Table. 

Example 3 

The same procedure as in Example 1 was repeated except that the organic peroxide was used in an 
amount of 0.4 part by weight. Results are shown in Table. 

Oomparative Example 1 

The same procedure as in Example 1 was repeated except that 2.5-dimethyl-2,5-di(t-butylperoxy)- 
hexane (Perhexa 2.5 B manufactured by Nippon Oil and Fats Co.. Ltd.) (1.5 parts by weight) was used as 
the organic peroxide and the press vulcanization was conducted at 160*0 for 10 minutes. Results are 
shown in Table. 
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Table 







Com. 
Ex. 1 


Ex. 1 


Ex. 2 


£x. 3 


5 


G-902 

MT-C 

TAIC 

Peroxide 1* 
+ 2* 


100 
20 
4 

1.5 


100 
20 
4 

1.5 


100 
20 
4 

0.8 


100 
20 
4 

0.4 


10 
15 


Vulcanizability (160**C) 

Ml (kg*f) 

Mh (>cg»f) 
(min.) 

Tgn tmin.) 
Vulcanizability (150<>C) 

Ml (kg»f) 

Mjj (kg^f) 

Tj^Q (minO 

Tgo (min.) 


0.12 
3.80 
0.8 
2.8 


0,23 
7.20 
0.3 
0.7 

0.24 
5.80 
0.3 
1.2 


0.24 
7.55 
0.3 
1.0 

0.22 
4,80 
0.5 
2.3 


0.18 
4.40 
0.5 
2.0 

0.21 
3.75 
0.7 
4.3 


20 
25 


Vulcanizing condition 
Press vulcanization 

Temperature (**C) 

Time (min . ) 
Oven vulcanization 

Temperature (**C) 

Time ( nr • ) 


160 

180 
4 


150 
10 

180 
4 


150 
10 

180 
4 


150 
10 

180 
4 


30 


Properties at ordinary 
state ^ 

Mtqo (kg»t/cm ) 

Tg ykg.f/cm^) 

Hs (JIS A) 


92 
208 
160 

74 


100 
193 
160 
74 


100 
169 
160 
74 


69 
187 
210 

74 




Compression set (%} 
(200*C X 72 hrs.) 


21 


20 


25 


40 


35 


Amount of generated 
methyl iodide 
(mg/kg-comp) 


258 


49 


26 


12 


40 


Aging resistance 

(230»C X 70 hrs.) 

ATg (%) 
AEg (%) 
AHs (point) 


-26 
-14 
+ 13 
-1 


-19 
-10 
+ 13 
-1 

t 


-11 
-21 
+ 12 
-2 


-3 
+11 
±0 
-1 



Note) Peroxide 1: 2, 5-Dimethyl-2, 5-di ( t-butylperoxy )hexane 
Peroxide 2: t-Hexyl peroxybenzoate 

50 

Claims 

1. A vulcanizable rubber composition which comprises an iodine- or bromine-containing rubber and an 
organic peroxide of the formula: 
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C-OO-C-RV n 



CH3 

wherein is a hydrogen atom, a chlorine atom or nnethyl group. is a linear or branched alkyl group 
having 2 to 5 carbon atoms, and n is an integer of 1 to 3. 

2. The composition according to claim 1, wherein an amount of the organic peroxide is from 0.1 to 5 parts 
by weight per 100 parts by weight of the rubber. 

3. The composition according to claim 1. wherein the organic peroxide is selected from the group 
;5 consisting of t-amyl peroxybenzoate. t-hexyl peroxybenzoate. 1 ,1 .3.3-tetramethylbutyl peroxybenzoate. 

t-amyl peroxy-m-methylbenzoate. t-hexyl peroxy-m-methylbenzoate, 1,1 ,3,3-tetramethylbutyl peroxy-m- 
methylbenzoate. t-hexyl peroxy-p-methylbenzoate. t-hexyl peroxy-o-methylbenzoate. t-hexyl peroxy-p- 
chlorobenzoate, bis(t-hexyl peroxy)phtha!ate. bis(t-amyl peroxy)isophthalate, bis(t-hexyl peroxy)- 
isophthalate. bis(t-hexyl peroxy)terephthalate and tris{t-hexyl peroxy)trimellitate. 

4. The composition according to claim 1, wherein the rubber is an iodine- or bromine-contatning 
fluororubber. 
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® Vulcanizable rubber composition. 

© A vulcanizable rubber composition which contains an iodine- or bromine-containing rubber and an organic 
peroxide of the formula: 
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O wherein R' is a hydrogen atom, a chlorine atom or methyl group, Is a linear or branched alkyi group having 2 
W to 5 carbon atoms, and n is an integer of 1 to 3. generates only a small amount of methyl iodide or methyl 
O bromide during the vulcanization. 
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